The inhibitory effects of fulvic and tannic acids on the cell growth, and iron and sulfur oxidation in Thiobacillus ferrooxidans and Thiobacillus thiooxidans were studied around pH 2, and compared with those of oxalic acid. Tannic acid at 500 ppm inhibited the cell growth, and iron and sulfur oxidation in 8.00 X 109 cells of T. ferrooxidans and T. thiooxidans, more than two weeks, possibly due to its phenolic group, while fulvic acid inhibited them only within initial two days. Both were more effective inhibtors than oxalic acid.
humic acids. Though it has been reported that oxalic acids inhibited the cell growth as well as iron and sulfur oxidation in T. ferrooxidans (Dugan, 1975; Tuttle, et al., 1976) and T.
thiooxidans (Iwatsuka and Mori, 1960) , inhibitory effects of humic substances on chemoautotrophic bacteria is not well known.
Humic substances are widely distributed in both water and soil environments, and they are weak-acid polyelectrolytes and involved in many reactions, such as chelation, reduction, and adsorption, due to their functional groups of carboxylic, phenolic, quinolic and alcoholic groups. Fulvic acid makes up more than 50 % of humic substances in natural environments, they are soluble at all pHs while humic acid is insoluble below pH 2, and fulvic acid has more functional groups than humic acid (e. g., Kuwatsuka, et al., 1992) .
Tannic acid is abundant in oak-leaves, is soluble at acidic pHs, and has carboxylic and phenolic groups. Due to its simpler structure, tannic acid is often used as a reference compound when evaluating humic substances. Fulvic and tannic acids are soluble and capable of reducing Fe( III ) to Fe( II ) ions around pH 2 (Skogerboe and Wilson, 1981) .
In the present work, the inhibitory effects of fulvic and tannic acids on the cell growth, and iron and sulfur oxidation in T. ferrooxidans and T. thiooxidans were studied around pH 2, and compared with those of oxalic acid. This work has potential utility for selective control of acid production in acid mine drainage caused by T. ferrooxidans and T. thiooxidans.
Experimental

2• 1 Microorganisms
Iron-oxidizing bacteria, Thiobacillus ferrooxidans (HUTY8906), were cultured and harvested as described elsewhere (Sasaki, et al., 1995b ferrooxidans or T. thiooxidans, except for the inhibition of sulfur oxidation in T. thiooxidans by fulvic acid shown in Fig . 2 (left). Fulvic acid enhanced sulfur oxidation. Direct contact between microorganisms and elemental sulfur is necessary to oxidize elemental sulfur by T. thiooxidans (Takakuwa, et al. , 1979) . Fulvic acid acts as a surfactant, and when it is adsorbed 
